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(54) Catalysts for olefin polymerization and a process for preparing olefin polymers therewith 



(57) The object of the present invention is to provide 
a polyolefin having a good particle property in a high 
yield without use of an expensive alumoxane. The 
present invention comprises a catalyst for olefin polym- 
erization comprising the following ingredients (A), (B) 
and (C), and a process for preparing an olefin polymer 
with use of the catalyst: 



Component (A): a transition metaJ compound having at 
least one conjugated five-membered ring ligand, the 
transition metal being In the Groups IV - VI of the Peri- 
odic Table, 

Component (B): an organoaluminum compound, and 
Component (C): a finery divided particle composition 
comprising 0. 1 - 99.9% by weight of boric acid. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a catalyst tor olefin polymerization and a process for preparing olefin polymers 
therewith. More particularly, it relates to a catalyst for olefin polymerization which exhibits a high catalytic activity even 
in the absence of an expensive methytalumoxane and is capable of producing polymers having a good particle property 
10 on its application to the polymerization of olefins, and to a process for preparing olefin polymers therewith. 

Background Art 

There have recently been proposed highly active catalysts for olefin polymerization comprising a combination of 

15 a zirconocene compound and a methylaJumoxane (Japanese Patent LaidOpen Publication Nos. 19309/1983 and 
35007/1 985). Also known are proposals which make possible to prepare a variety of st ereospecrfic polymers by using 
zirconocene compounds of the structure of ligands specifically designed (Japanese Patent LaidOpen Publication Nos. 
130314/1986, 295607/1988, 301704/1989 and 41303A990). To the best of the knowledge of the present inventors, 
while it would be possible to prepare highly active polymers having a narrow molecular weight distribution by means 

20 of these proposals, polymers obtainable would only be those having a very small particle diameter (usually about 1 - 
50 urn) possibly because the catalysts may be soluble in the solvents used such as toluene and thus it would be difficult 
to produce polymers industrially in a high efficiency. These methods seem to require a large amount of an alumoxane 
and would thus be expensive, so that a variety of proposals have been done in order to solve the problems, it has been 
described in Japanese Patent Laid-Open Publication Nos. 51408/1 989, 27560/1 989 and 140305/1 991 that an alumox- 

& ane and a metallocene compound are previously contacted to produce polymer products in a granulated form. However, 
to the best of our knowledge, the granulation of the polymer with this method would be possible only in the so-called 
liquid-phase bulk polymerization with propylene as a solvent, and no polymer having a controlled particle diameter 
would be obtained by slurry polymerization with an inert solvent or vapor phase polymerization. 

Catalysts in which a catalyst ingredient is supported on an inorganic compound, particularly silica, have been 

30 proposed in Japanese Patent LaidOpen Publication Nos. 296008/1986, 51407/1988 and 152608/1988 and in WO 
88/05058. 

It has also been proposed to support a catalyst ingredient on polyethylene particles in Japanese Patent Laid-Open 
Publication No. 92621/1988 and WO 88/05058. Though these techniques would have made it possible to produce a 
granular polymer even in the case of vapor phase polymerization, problems would still remain such as poor polymer 

35 properties due to the content of a support material in the product which may amount to a considerable level because 
of insufficient catalyst activity per support which requires considerable amount of the catalyst plus support or the con- 
sumption of an expensive alumoxane in a large amount. 

On the other hand, Japanese Patent LaidOpen Publication Nos. 501 950/1 989 and 502036/1 989 and Japanese 
Patent LaidOpen Publication Nos. 1 79005/1 991 , 207703/1 991 and 207704/1 991 disclose catalysts comprising a Lewis 

40 acid such as an organoboron compound, for example trisfpentafluorcphenyOboron, an anionic compound such as 
carborane and tetrakis(pentafluorophenyl)borate, and a combination of an organoboron compound and a trialkylalu- 
minum. However, polymerization with these catalysts would produce polymers only in the form of very small particles 
and commercial production of polymers in a high efficiency would not be feasible. Also, Japanese Patent LaidOpen 
Publication Nos. 179005/1991, 142306/1992, 148316/1993, 2391 38/1 993 and 247 128/1 993 disclose catalyst systems 

45 comprising a supported organoboron co-catalyst, but the catalysts comprising these supported organoboron com- 
pounds, which include no boric acid, would, to the best of the knowledge of the present inventors, suiter from the 
catalyst activity appreciably lowered as compared with catalysts comprising no such supported organoboron com- 
pounds whereby they exhtoit little cost cut effect in spite of employing no methylalumoxanes, and, in addition, the 
catalyst activity per support would be at an insufficient level, ft has thus been desired to improve the catalyst systems. 

50 As the other techniques for preparing catalysts for olefin polymerization, the combinations of a water-containing 
inorganic compound and an organoaluminum compound are described in Japanese Patent LaidOpen Publication 
Nos. 207303/1989, 224808/1992, and Japanese Patent LaidOpen Publication No. 501424/1993, but none of these 
techniques seem to us to give satisfactory catalyst activity. The employment of a Broensted acid or a clay mineral is 
described in Japanese Patent LaidOpen Publication No. 157651/1994 and in Japanese Patent LaidOpen Publication 

55 Nos. 105721/1993 and 301917/1993, respectively, but the latter proposal would entail a problem that the clay mineral 
is exceptional as a support and it would thus difficult to control its characteristics. 

The present invention has been done in order to solve the problems in the prior art, and the objects of the present 
invention is to provide a catalyst which makes possible to prepare a polymer having a good particle property in a high 
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yield even in the absence of an expensive alumoxane even if it Is applied to slurry polymerization or vapor phase 
polymerization without any special support material and to prepare an olefin polymer with the catalyst 

SUMMARY OF THE INVENTION 

The present invention presents a catalyst for olefin polymerization which comprises: 

Component (A) which is a transition metal compound having at least one conjugated five-membered ring ligand, 

the transition metal being in the Groups IV - VI of the Periodic Table; 
Component (B) which is an organoaluminum compound; and 

Component (C) which is a finery divided particle composition comprising 0.1 - 99.9% by weight of boric acid. 

The present invention makes it possible to provide a polyolefin having a good particle property in a high yield in 
the absence of an alumoxane which is expensive. Such an effect is assumed to be unexpected from the conventional 
techniques. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION 



The catalyst for olefin polymerization according to the present invention comprises the Components (A), (B) and 
(C). The term 'comprise' herein means that the catalyst can contain, in addition to the Components (A), (B) and (C), 
other appropriate ingredients or components as long as they will not interfere with the present invention. The catalyst 
for olefin polymerization according to the present invention can be obtained by contacting Components (A), (B) and 
(C) as well as other optional components in any sequence desired. 

it is also possible to bring the respective Components into contact with each other in any state desired and then 
to subject the contact product to preliminary polymerization in which the contact product is contacted with an olefin 
and the olefin is polymerized in a small amount, which catalyst having undergone the preliminary will then be used in 
the 'main' polymerization. 

< Component (A) > 

The Component (A) of the catalyst for olefin polymerization according to the present invention is a transition metal 
compound having at least one conjugated five-membered ring ligand, the transition metal being in the groups IV - VI 
of the Periodic Table. 

Specific examples of the preferred compound as the Component (A) include the transition metal compounds rep- 
resented by the formulae [I], [IIJ. [Ill] or [IVJ: 



wherein Me represents a metal atom selected from the Groups IV • VI of the Periodic Table, A and A', which may be 
the same or different within the same compound, represent a conjugated five-membered ring ligand, Q represents a 
bonding moiety which crosslinks two conjugated five-membered ring ligands at any positions, Z represents a ligand 
containing nitrogen, oxygen, silicon, phosphorus or sulfur atom which is bonded to Me, Q' represents a bonding moiety 
which crosslinks the conjugated five-membered ligand at its any position with the moiety Z, and X and Y represent a 
hydrogen atom, a halogen atom, a hydrocarbyl group, an alkoxy group, an amino group, a phosphorus-containing 
hydrocarbon group or a silicon-containing hydrocarbon group, respectively. 
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A and A' are, as described above, conjugated five-member ed ring ligands and may be the same or different within 
the same compound. Typical examples of the conjugated five-membered ring ligands (A and A 1 ) include a conjugated 
carbon five-membered ligand, Le. a cyclopentadienyl group. The cyclopentadienyl group may be either of the one 
containing five hydrogen atoms (C^H^) or its derivatives in which some of the hydrogen atoms have been replaced 
by substituents. A typical example of the substituent is a hydrocarbyl group having 1 - 20 carbon atoms, preferably 1 
- 12 carbon atoms. The hydrocarbyl group may be in either of a form such that it is a monovalent group and bonded 
to the cyclopentadienyl group, or a form such that, when two or more hydrocarbyl groups are present, two of the 
moieties are bonded to each other at the other ends, viz. GHerminus, to form a ring together with a part of the cyclopen- 
tadienyl moiety. Typical examples of the latter include the ones h which the two substituents are bonded to each other 
at the ©-termini to form a fused sbc-membered ring together with the two vicinal carbon atoms in the cyclopentadienyl 
group. i.e. an indenyl group or a fluorenyl group, wherein the total of the carbon atoms of the two substituents on the 
cyclopentadienyl group amounts to more than 4, which form a fused six-membered ring sharing the two vicinal carbon 
atoms in the cyclopentadienyl group, the surplus makes a substituent on the indenyl or fluorenyl group. 

Thus, the typical examples of the conjugated five-membered ring ligands, A and A\ may be substituted or unsub- 
strtuted cyclopentadienyl, indenyl or fluorenyl groups. 

The substituents on the cyclopentadienyl group include in addition to the above described hydrocarbyl group having 
1 - 20, preferably 1-12 carbon atoms, a halogen atom such as fluorine, chlorine or bromine; an alkoxy group such as 
a C, - C 12 alkoxy group, a silicon-containing hydrocarbon group such as a hydrocarbon group having 1 - 24 carbon 
atoms which contains a silicon atom in the form of -Si^HRfyR 3 ); a phosphorus-containing hydrocarbon group such 
as a hydrocarbon group having 1-18 carbon atoms which contains a phosphorus atom in the form of -PfR 1 )^ 2 ); a 
nitrogen-containing hydrocarbon group such as a hydrocarbon group having 1-18 carbon atoms which contains a 
nitrogen atom in the form of-NfR 1 HR 2 ); or a boron-containing hydrocarbon group such as a hydrocarbon group having 
1 - 18 carbon atoms which contains a boron atom in the form of -BfR'tfR 2 ). When a plurality of these substituents are 
present in a single compound, these substituents may be the same or different. 

Q represents a bonding moiety which crosslinks two of the conjugated five-membered ring ligands at any positions 
desired, and Q* represents a bonding moiety which crosslinks the conjugated five-membered ring ligand at its any 
position with the moiety Z. 

In particular, Q and C represent 

(a) an alkylene group having 1 - 20 carbon atoms such as a methylene group, an ethylene group, an isopropylene 
group, a phenylmethyfmethylene group, a diphenylmethylene group, and a cyclohexylene group; 

(b) a silylene group such as a silylene group, a dimethyteilylene group, a phenytmethylsilylene group, a diphenyls- 
iiyiene group, a disilytene group, and a tetramethyldisifylene group; 

(c) a hydrocarbon group containing germanium, phosphorus, nitrogen, boron or aluminum, specifically the groups 
such as (CH 3 ) 2 Ge, (CgH^Ge, (CH 3 )P, (C 6 H 5 )P, (C 4 Hg)N, (C 6 H 5 )N, (CHJB. (C 4 H 9 )B, (C 6 H 5 )B, (C^AI, (CH 3 Q) 
Al, and the like. The preferred ones are the alkylene group and the silylene group. 

Me is a metal atom selected from those of the groups IV - VI in the Periodic Table, preferably titanium, zirconium 
and hafnium, particularly titanium and zirconium. 

Z is a ligand containing a nitrogen, an oxygen, a silicon, a phosphorus or a sulfur atom which is bonded to Me. 
Preferred examples of Z specifically include ligands such as an oxygen (-0-), a sulfur (-S-) ,an alkoxy group having 1 
- 20 carbon atoms, preferably 1-10 carbon atoms, a thioalkoxy group having 1 - 20 carbon atoms, preferably 1-12 
carbon atoms, a silicon-containing hydrocarbon group containing 1 - 40 carbon atoms, preferably 1 - 18 carbon atoms, 
a nitrogen-containing hydrocarbon group containing 1 - 40 carbon atoms, preferably 1-18 carbon atoms, and a phos- 
phorus-containing hydrocarbon group containing 1 - 40 carbon atoms, preferably 1-18 carbon atoms. 

Each of X and Yea hydrogen group, a halogen atom, a hydrocarbyl group containing 1 - 20 carbon atoms, 
preferably 1-10 carbon atoms, an alkoxy group containing 1 - 20 carbon atoms, preferably 1 -10 carbon atoms, an 
amino group, a phosphorus-containing hydrocarbon group having 1 - 20 carbon atoms, preferably 1-12 carbon atoms 
such as specifically a diphenylphosphine group or a silicon-containing hydrocarbon group having 1 - 20 carbon atoms, 
preferably 1 - 12 carbon atoms such as specifically a trimethytsilyl group or a bis(trimethylsifyl)methyl group. X and Y 
may be the same or different within the single compound. Among these groups, a halogen atom, a hydrocarbyl group, 
particularly those having 1 - 8 carbon atoms, and an amino group are preferred. 

Accordingly, the preferred specifies of Component (A) for the catalyst for olefin polymerization according to the 
present invention are those represented by the general formulae [I), (II], [III] or [IV] wherein the substituents are follows. 

A, A': cyclopentadienyl, n-butyl-cyclopentadienyl, indenyl, 2-methyl-indenyi, 2-methyl-4-phenylindenyl. tetrahy- 
droindenyl, 2-methyl-tetrahydroindenyl, 2-methylbenzindenyl, 1 -phenyl-3-methylindenyl, 2-methyl-4-phenylazule- 
nyl, 2. 3,4,5-tetramethylphosphoryl, and 1 -indoryl-2-methylindenyl; 
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Q, a: ethylene, dimethylsilytene. and isopropylidene; 
Z : t-butylamido, phenylamido, and cyclohexylamido; 
Me : a transition metal in the Group IV, and 
X Y : chlorine, methyl, and diethytemino. 

Among those compounds, more preferred one includes the compounds represented by the formulae (l) s (II) or (IV). 
In the present invention, the Component (A) can be used as a mixture of at least two selected from one of the 
formulae [I) to {IV] and/or from two or more of compounds represented by the same. 
Specific examples of the transition metal compound when Me is zirconium include: 

(a) compounds represented by the formula [I], viz. the transition metal compounds having no bonding moiety Q 
and two conjugated five-membered ring ligands, such as: 

(1) bis(cyclopentadienyl)zirconium dichloride, 

(2) bis(methyteycbpentadienyl)zirconium dichloride, 

(3) bis(dHiiethylcyclopentadienyl)zirconium dichloride, 

(4) bis(titnethylcyclopentadienyl)zirconium dichloride, 

(5) bis(tetranrwthylcyclopentadienyl)zirconium dichloride, 

(6) bis(pentamethyfcyclopentadienyl)zirconium dichloride, 

(7) bis(n-butylcyclopentadienyl)zirconium dichloride, 

(8) bis(indenyl)zirconium dichloride, 

(9) bis(fluorenyl)zirconium dichloride, 

(10) bis(cyclopentadienyl)zirconium monochloride monohydride, 

(11) bis(cyckn>entadienyl)methylzirconium monochloride, 

(12) bis(cyclopentadienyOethylzirconium monochloride, 

(13) bis(cyctopentadienyl)phenylzirconium monochloride, 

(14) bis(cyclopentadienyl)zirconium dimethyl, 

(15) bis(cyc(opentadienyl)zirconium diphenyl, 

(16) bis(cyclopentadienyi)zirconium dineopentyl, 

(17) bis(cyclopentadienyl)zirconium dihydride, 

(18) (cyclopentadienyl)(indenyl)zirconium dichloride: 

(19) (cyclopentadienyl)(fluorenyl)zirconium dichloride, and 

(20) bist^a.^S-tetramethylphosphoryOzirconium dichloride; 

(b) compounds represented by the formula [I I], viz. the one in which the bonding moiety Q is, for example, such that: 

(b - 1) Q is an alkylene group, such as 

(1) methyl enebis(indenyl)zirconium dichloride, 

(2) ethylenebis(indenyi)zirconium dichloride, 

(3) ethylenebis(indenyi)zirconium monohydride monochloride, 

(4) ethylenebis(indenyl)methylzirconium monochloride, 

(5) ethylenebis(indenyl)zirconium monomethoxide monochloride, 

(6) ethylenebis(indenyl)zirconium diethoxide, 

(7) ethylenebis(indenyl)zirconium dimethyl, 

(8) ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(9) ethylenebis(2-methylindenyl)zirconium dichloride, 

(10) ethylenebis(2-ethylindenyl)zirconium dichloride, 

(11) ethylenebis(2,4-dimethylindenyl)zirconium dichloride, 

(12) ethylene(2,4-dimethylcyclopentadienyl)(3 , l 5 , Hjimethylcyclopentadienyl)zirconium dichloride, 

(13) ethylene(2^ethyM-tert-butylcyclopenM 
dichloride, 

(14) ethylene{2,3,54rimethylcyclc^ntadienyl)(2\4\5Mrimethylcyclopentadieny0z dichloride, 

(15) ethylene-1 s 2-bis(4-indenyl)zirconium dichloride, 

(16) ethylene-1 ; 2-bis{4-(27-dimethyiindenyl)Jzirconium dichloride, 

(17) ethylene-1,2-bis(4-phenylindenyl)zirconiurn dichloride, 

(18) isopropylidenebis(indenyl)zirconium dichloride, 

(19) isopropylidene(2 : 4KJimethylcyclQpentadien^ dichloride, 
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(20) isopropylictene(2^thyW-tert^u^ 
nium dichtoride, 

(21) methylene(<^topentadienyl)(3,4^^ dichtoride, 

(22) mathylenefcyctopentadienyO^ dichloride hydride, 

(23) methy!ene(cyctopentadienyO(3,4Kiin^^ dimethyl, 

(24) methylene(cyclop^ntadieny0(3,4^ diphenyl, 

(25) methylene(cyctopentadieny0(trimethyk7clop€ntadienyl)2!rconi^ dichtoride. 

(26) memylene(cyctopentadienyO(tetrame%lcyclopentadienyl)zirc^ dichloride, 

(27) isopropylidene(cyclopentadie^ dichloride, 

(28) isoprc>pylkJene(cyclcpentad^ dichloride, 

(29) iscpropylidene((^lopentadienyW dichloride, 

(30) isopropylidene(cyclopentadionyl)(fluorenyl)zirconium dichloride, 

(31) isc^ropylkJene(2^emyb^clcpentadienyt)(fluorenyl)2ira)nium dichloride, 

(32) isc*ropylidene(3-tert^utyfcyctopent^ dichtoride, 

(33) isc9ropylidene(2 : 5Kiimethyteyclopentadienyl)^ dichloride, 

(34) isopropylicfenefeSKJimethylcycto dichloride, 

(35) ethylene(cyclc^tedienyl)(3 l 5^im^ dichlorkJe. 

(36) ethylene(cyclopentadienyl)(fluorenyl)zirconium dichlorde, 

(37) ethylene(2,5<iimethyteyclopentadienyl)(fluorenyl)zirconium dichloride, 

(38) ethylene(2,5^iethyk^lct^tadienyl)(fluorenyl)ziit»niurn dichloride, 

(39) diphenylmethylene(cyclcpentadieny^ dichloride, 

(40) diphenylmethylene(cyclopent3xli^ dichloride, 

(41) cyclohexylictene(cyclopentadienyl)(fluorenyl)zirconhjm dichlorde, and 

(42) cyclohexytictene(2,5<!imethyty^ 

(b - 2) Q is a silylene group, such as 

(1) dirrwthylsilylenebis(inctenyl)2ifc<)nium dichloride, 

(2) dime1hylsilylenebis(4,5 1 6,7-tetrahydroffidenyl)zirconiurn dichloride, 

(3) dirrwthylsilylenebis(2-methylrndenyl)zirconium dichloride, 

(4) dimethylsilylenebis(2 1 4-dimethylindenyl )zircontum dichloride, 

(5) dimelhylsilylenebis(2HTiethyM,5,67-tetrahydroindenyl)2irconiurn dichloride, 

(6) dimethylsitylene(2,5<JimethyteyclopentadienyM^^ dichloride, 

(7) dimethylsifylenet)is(2-methyl-4,5-benzindenyl)zirconiurn dichloride, 

(8) dimethylsilylenebis(2-methyl-4-phenylindenyl)zirconiuni dichtoride, 

(9) dimethylsity!enebis{2^ethyK4^imetty^ dichloride, 

(10) dimethylsirylenebis[4-(2-phenylindenyl)]zirconium dichloride, 

(11) dimethylsilylenebis[4-(2-tert^utylinctenyl)]2irconiurn dichloride, 

(12) dimethylsilylenebis[4-(1 -phenyl-3-methylindenyl)]-2irconium dichloride, 

(13) phenylmethylsilylenebis(indenyl)zirconium dichloride, 

(1 4) phenylmethylsilylenebisl^S.sy-tetrahydroindenyllzirconium dichloride, 

(15) phenylmethylsilytenefc^imemy^ 
dichtoride, 

(16) phenylmethylstrylene^.as-trim 
dichloride, 

(1 7) phenylmethylsirylenebis(tetramethylcyclopenladienyl)zirconium dichloride, 

(18) diphenylsilylenebis(indenyl)2irconium dichloride, 

(19) tetramethyldisirylenebis(indenyl)2irconiurn dichloride, 

(20) tetrainethyldi3irylenebis(cyclopentadienyl)2ifconiurn dichloride, 

(21) tetramethyldisilylene(3™e%lcyctope^ dichloride, 

(22) dimethylsirylene(cyclopentadieny0 dichloride, 

(23) dimethylsirylene(cyctopentadienyl^ dichloride, 

(24) dime%lsirylene(cyctopentadienyl)(tetrame^ dichtoride, 

(25) dimethylsirylene(cyctopentadienyl)(3,^ dichloride, 

(26) dimethylsirylene(c^clop^tadienyl)(triethylcyclc^entadienyi)2irconium dichloride, 

(27) dime%lsirylene(cyclopenladienyI)(tetraethylcyclopentadien^ dichloride, 

(28) dimemylsirylene(cyclopen1adieny0(fluorenyl)2ircc^ium dichloride, 

(29) dimethylsirylene(3-tert4)utyl<yclopentadienyl)(fluoreny dichtoride, 
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(30) dimethyl$ify!ene(cyelopenta^ dichtoride, 

(31) dimethyt€ily1ene(cycbpentadienyl)(octahydrofluorenyl)z dichtoride, 

(32) cfim9thylsiryiene(2Hnn9tnyk^ dichloride, 

(33) dimemylsiFytene(2,5^irrathyk^to dichtoride, 
5 (34) dimemy1sirylene(2-ethylcyctop«ntad^ dichtoride, 

(35) cnmethytsirylene(2,5Kiiethyfcyclopen dichtoride, 

(36) diethylsilylene(2-methylcyctopentadienyl)(2 jKJi-tert^utylfiuofenyl)zirconium dichtoride, 

(37) dmethylsilytene(2,5-dime%lcyd^^ dichtoride, 

(38) dimethylsWene(2-ethylcyctopentadieny^ dichtoride, 
w (39) dimemytsilylene(diethyky^^ dichtoride, 

(40) tfimemyf$irylene(methyteyclopentatf dichtoride, 

(41) dimethylsirylene(dimethytcyctopentadte^ dichtoride, 

(42) cfimethyteilylerie(ethylcyclopenla^^ dichtoride, 

(43) dimethylsilylene(diethylcyctopOTtadien^ dichtoride, 

(44) dimethylsilylenebis(2-methy l-4-phenylazuIenyi)zirconium dichtoride, and 

(45) dimethylsityenebis[4-(l-indoJyf)-2^ dichloride; 

(b * 3) Q is a hydrocarbon group containing germanium, phosphorus, nitrogen, boron or aluminum, such as 

20 (1)dim8thylgerrnaniumbis{ind8nyi)zirconium dichtoride, 

(2) dimethylg^rn^anium(cyctopentadienyl)(fluorenyl)2irconium dichtoride, 

(3) methylaluminumbis(indeny))zirconium dichloride, 

(4) phenylaluminumbts(indenyQ2irconium dichloride, 

(5) phenylphosp^inc^ino^yl)zirconium dichtoride, 
25 (6)ethylboranobis(indenyl)zirconium dichloride, 

(7) phenylaminobis(indenyl)zirconium dichtoride, and 

(8) phenylamino(cyctopentadienyl)(fluorenyl)zirconium dichtoride; 

(c) the compound represented by the formula [III], viz. the transition metal compound having no bonding moiety 
30 Q* and one conjugated five-membered ring ligand such as 

(1) pentamethylcyclopentadienyl^is(phenyl)aminozirconium dichtoride, 

(2) indenyl-bis(phenyl)amidozirconium dichloride, 

(3) pentamethylcyctopentadienyhbis(trin^thytsilyl)aminozirconium dichloride, and 
3S (4) pentamethylcyclopentadienylphenoxy-zirconium dichloride; 

(d) the compound represented by the formula [IV], viz. the transition metal compound having one conjugated five- 
membered ring ligand which is crosslinked with the bonding moiety Q* such as: 

4< > (1) dimethy)silylene(tetrajnethylcyctopentadienyl)phenyla^idozirconium dichtoride, 

(2) dimethyisilylene(tetramethyicyc(opentadienyl)tert'butylamidozirconium dichloride, 

(3) dimethylsilyfene(indenyl)cyciohexylamidozirconium dichloride. 

(4) dimethylsiiylene(tetrahydrohdenyl)decylamidozirconium dichtoride, 

(5) dinrathy!silylene(tetrahydroirri^ dichtoride, and 
«5 (6) dimethylgerman(tetramethyk^clopentadienyl)-(phenyl)aminozirconium dichloride; 

(e) the compounds of the groups (a) - (d) above in which chlorine has been replaced by a group such as bromine, 
iodine, hydride, methyl or phenyl, which can also be used. 

&> Furthermore, it is possible to use the zirconium compounds illustrated in (a) - (e) as the Component (A) in which 
zirconium as the central metal has been replaced by titanium, hafnium, niobium, molybdenum or wolfram. 

Preferred among these compounds are the zirconium compounds, the hafnium compounds and the titanium com- 
pounds. More preferred are the titanium compounds, the zirconium compounds and the hafnium compounds which 
have been crosslinked with an alkylene group or a silylene group. 

55 

< Component (B)> 

The Component (B) is an organoaluminum compound. Specific examples of the preferred organoaluminum com- 
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pounds include those represented by the formula F^AI, wherein R represents hydrogen atom, halogen atom, a siloxy 
group, a siloxy group crossiinked with an alkytene having 1 - 6 carbon atoms, or a hydrocarbyl group having 1-10 
carbon-atoms, preferably 1 - 4 carbon atoms and may be the same or different when a plurality of Rs are present, 
provided that at least one of the three Rs represents a hydrocarbyl group having 1-10 carbon atoms, preferably 1 - 
4 carbon atoms. 

Specific examples of the preferred compounds include (a) trialkyteluminums such as trimethylaruminum, triethyl- 
aluminum, triisobutytaluminum, trihexytaluminum, trioctylaluminum, tridecylalumfoum, tri-n-butytaJuminum, tri-n-propy- 
laluminum, and triisoprenylalumfcnum; (b) alkylaluminum halides such as dimethytaluminum chloride, diethylaluminum 
monochtoride. dfisobutylaluminum monochlorkJe, methylaluminum sesquichloride, and ethylaluminum dichloride; (c) 
alkylaluminum hydrides such as dimethytaluminum hydride, and diethylaluminum hydride, and diisobutytaluminum hy- 
dride; and (d) alkytaiuminumsiloxides such as dmemylalumhurn(trimethytsitoxide), and diethylaluminum(trimethylsi- 
loxide). It is also possible to use the combination of the two or more of these compounds in the same or different groups. 

The Preferred of these organoaluminum compounds include methylaluminum, ethylaluminum and isobutylalumi- 
num derivatives in which at least one of Rs in the above described formula is methyl, ethyl or isobutyi such as, for 
example, trimethylaluminum, triethylaluminum, triisobutylaluminum, dimethylalumrnum chloride, diisobutyiaJuminum 
monochtoride, and diisobutylaluminum hydride. More preferred ones are trimethylaluminum, triethylaluminum, tri- 
isobutylaluminum, and a mixture thereof. 

< Component (C) > 

The Component (C) is a finely divided particle composition comprising 0.1 - 99.9% by weight, preferably 1 - 50% 
by weight, particularly 3 - 35% by weight, of boric acid. The composition can thus contain another ingredient to the 
balance of the composition, which is also finely divided material. 

The ingredient other than boric acid (referred sometimes to hereinafter as the ingredient (i)), which will hereinbelow 
be referred to as ingredient (ii), comprise 99.9 • 0.1% by weight, preferably 99 - 50% by weight, more preferably 97 - 
65% by weight on the basis of the finely divided particle composition. 

The finely divided particle composition of the Component (C) should be the one of which the constituent particles 
have sufficiently small particle diameters. Preferred particle diameters are in the range of 3.000 um or less, generally 
in the range of 1 - 3,000 um, preferably 5 - 2,000 um, more preferably 10-1 ,000 um. In other words, it can be said 
that the finely divided particle composition having the preferred particle diameter is the one which substantially passes 
through a sieve of the mesh size of 3,000 um, and that the composition having the particularly preferred particle diameter 
substantially passes through a sieve of the mesh size of 3,000 um but does not pass through a sieve of the mesh size 
of 10 um. 

The Component (C) is, as repeatedly described above, a finely divided particle composition comprising boric acid. 
Trie term "comprising" herein means to include products obtained by any of the methods for combining the both ingre- 
dients (ingredients (i) and (ii)) in order to prepare the finely divided composition (described in detail below) and spe- 
cifically includes the state that boric acid (the ingredient (i)) and the finely divided particulate materials (the ingredient 
(ii)) are simply mixed with each other, the state that one of the ingredients, particularly ingredient (i), i.e. boric acid, in 
the form of a solution is mixed with the ingredient (ii) and then the solvent used is removed by distillation, and the like. 
In any cases, boric acid itself should have the above mentioned finery divided particle property particularly when boric 
acid is mixed with the finely divided particulate materials of the ingredient (ii). 

(1) Ingredient (i) 

The ingredient (i) is boric acid. The term 'boric acid" as the ingredient (i) typically means 'an oxyacid produced by 
the hydration of diboron trioxide". Thus, it includes, in addition of orthoboric acid which is often called simply boric acid, 
metaboric acid and tetraboric acid. The compounds can be used alone or as a mixture thereof. 

Boric acid preferably used in the present invention is represented by the following formula 

BP>»<0H)nMi [VI] 

wherein n and m are such that, under the conditions of 0 < m - n £ 3, 0 ^ n < 1.5, and n<mS3,mis3 when n is O; 
m is 2 < m < 3 when n is O < n < 1; m is 2 when n is 1 : and m is 1.5 < m < 2 when n is 1 < n < 1 .5. 

Among these compounds, orthoboric acid (n = O t m = 3) and metaboric acid (n = 1 , m = 2) are panic ulariy preferred. 

(2) Ingredient (ii) 

The ingredient (ii) is a finery divided material other than boric acid as the ingredient (i). The finery divided materials 
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may be either organic or inorganic materials. 

The organic materials include (a) a-olefin polymers, preferably those selected from the group consisting of poly- 
ethylene, polypropylene, polybutene-1 , an ethylene-propylene copolymer, an ethytene-butene-1 copolymer, an ethyl- 
ene-hexene-1 copolymer, a propylene-butene-1 copolymer, a propyl en e-hexene-1 copolymer, and a propylene-divi- 

5 nylbenzene copolymer; (b) aromatic unsaturated hydrocarbon polymers, preferably those selected from polystyrene 
a styrene-dhrinytbenzene copolymer, a styrene-butadiene copolymer, and a styrenetsoprene copolymer; (c) polymers 
containing a polar moiety, preferably those selected from the group consisting of a poly(meth)acrylate ester, polyacry- 
kxiftrile, polyvinyl chloride, potyamide, polyphenylene ether, polyethylene terephthalate, and polycarbonate; and those 
which are known as an ion-exchange resin. 

10 The inorganic materials include (d) inorganic oxides, preferably those selected from the group consisting of SiCfe, 
AIjjO* AIPO* MgO, ZiO^TiOj* Bp* CaO, ZnO, BaO, ThO, Si0 2 -MgO, SiG^Ai^, Sj0 2 -TO 2 , SiOjrVjps, Si0 2 - 
Cr 2 0 3 , and Si0 2 ~Ti0 2 -MgO; (e) inorganic halides, preferably those selected from the group consisting of MgC^, AICI 3 
and MnC^; (f) inorganic carbonates, sulfates or nitrates, preferably those selected from the group consisting of NagCO^ 
K2CO3, CaCO^ MgC0 3 , Al 2 {S0 4 ) 3 , BaS0 4) KNO3, and MgtNO^; and (g) inorganic hydroxides, preferably those 

1$ selected from the group consisting of MgfOH^ AI(OH)3, and Ca(OH) 2 . These inorganic materials can be a mixture of 
the materials selected from any of the single class of (a)-(g) or from a plurality of the classes (aHg). 

(3) Preparation of the Component (C) 

20 The Component (C) can be obtained by contacting the ingredients (i) and (ii) at once or in steps. 

The method of contacting the ingredients includes the methods where (a) the ingredients (i) and (ii) are contacted 
in the form of solid and then ground, (b) the ingredients (i) and (ii) are contacted in a solvent in which either one of the 
ingredients is soluble or suspended, and the solvent is then removed, (c) the ingredients (0 and (ii) are contacted in a 
solvent in which both of the ingredients is soluble or suspended, and the solvent is then removed or the solids are 

25 coprecipitated to obtain the solid ingredients. Among these methods, the preferred Is the method (b), and more preferred 
is the method (b) where the ingredients (0 and (ii) are contacted in a solvent in which the ingredient (i) is soluble. The 
solvent used in th is case includes active hydrogen containing compounds such as water, methanol and ethanol; electron 
donor compounds such as an ether, an ester and an amine; and hydrocarbon solvents such as hexane, heptane, 
octane, benzene, toluene, xylene, cyclohexane, cyclooctane, and decaline. 

30 The contact mixture obtained by any of the aforementioned operations can be used as the Component (C) of the 
catalyst for olefin polymerization according to the present invention directly or after an appropriate post-treatment. 
Preferred post-treatment includes the heating of the contact mixture at a certain temperatures (generally in the range 
of 0 - 600°C f preferably 10 - 300°C, more preferably 10 - 200°C) for a certain period. 

35 < Optional Component > 

As described above, the catalyst for olefin polymerization according to the present invention can comprises, in 
addition to the above described Component (A), (B) and (C), an appropriate component that is the catalyst in the 
present invention can comprise any ingredients as far as the advantages inherent in the present invention are not 
40 impaired. 

Optional ingredients which can be added include (a) active hydrogen containing compounds such as, preferably, 
water, methanol and ethanol; (b) electron donor compounds such as, preferably, an ether, an ester and an amine; (c) 
afkoxy containing compounds such as, preferably, phenoxy borate, dimethylmethoxyaluminum, phosphorous phenox- 
ide, tetraethoxysilane, and diphenyldimethoxysiiane; and (d) organoboron compounds such as, preferably, triethylbo- 
45 rane, triphenylborane, tris(pentafluorophenyl)borane, triphenylcarbyltetrakis(pentafluorophenyl)borane. 

< Preparation of catalyst > 

The catalyst for olefin polymerization according to the present Invention can be obtained by contacting the Com- 
so ponents (A), (B) and (C) and the optional ingredients. These materials may be contacted in any sequences and modes 
provided that they are within the purview of the present invention, and the materials can be contacted at the same time 
or stepwise in or outside the polymerization vessel in the presence or absence of a solvent. 

Referring to the amounts of the materials used, the transition metal (M) in the Component (A) and Al in the Com- 
ponent (B) are used in an atomic ratio of 1 : 0.1 to 1 : 100,000, preferably 1 : 3 to 1 : 3,000. The compound of the 
55 Component (A) is used in an amount of 1 x 10" s to 1 g, preferably 1 X 10 -4 to 1 .0 x 10* 1 g, more preferably 5 X 10/ 4 
to 5 x 10" 2 g per g of the Component (C). The ingredient (B) is used in an amount of 1 x 1 0r 4 to 1 0 g, preferably 1 x 
1 0~ 3 to 5 g, more preferably 5 x 1 0/ 3 to 2 g per g of the Component (C). 

It is also possible to use the catalyst for olefin polymerization according to the present invention as the one having 
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been subjected to optional preliminaiy polymerization which comprises bringing the catalyst into contact with an olefin 
and polymerizing a small amount of the olefin. Preliminary polymerization is generally carried out by the slurry polym- 
erization in an inert solvent or by the vapor phase polymerization under a vapor phase condition. Monomers to be used 
to the preliminary polymerization preferably include ethylene, propylene, butene-1, 3-methy butene- 1, 4-methylpen- 
tene-1 , hexene-1 , styrene, divinylbenzene, or a mixture thereof. It is also possible to carry out preliminary polymerization 
optionally in the presence of hydrogen in order to control the molecular weight of the polymer formed, and it is also 
possible to carry out preliminary polymerization in the presence of an inert gas such as nitrogen in order to control the 
reaction. Preliminary polymerization is carried out at a temperature in the range of -78°C to 100°C, preferably -78°C 
to 50°C. Preliminary polymerization is carried out for 1 minute to 24 hours, preferably 5 minutes to 1 0 hours. Preliminary 
polymerization may produce a polymer in the range of 0.01 to 500 g, preferably 0.05 to 100 g. more preferably 0.1 to 
30 g per g of the solid Components used. Preliminary polymerization is generally conducted under the temperature 
and/or pressure conditions milder than those of the main polymerization. 

[ Use of catalyst/Polymerization of olefins ] 

The catalyst for olefin polymerization according to the present invention is naturally applied to the solvent polym- 
erization with a solvent used, and it is also applied to the liquid phase solvent-free polymerization with substantially no 
solvent used, vapor phase polymerization, or molten polymerization where polymer formed is molten. It is also applied 
to the continuous polymerization or the batch-wise polymerization. 

As the solvent in the solvent polymerization, saturated aliphatic or aromatic hydrocarbon solvents such as hexane, 
heptane, pentane, cyclohexane, benzene or toluene are used alone or as an admixture thereof. 

Polymerization is carried out at a temperature of about -78 to 350°C, preferably -20 to 250°C, more preferably 0 
to 100°C. The pressure of an olefin in the reaction system, which is not specifically limited, is preferably in the range 
from atmospheric pressure to 3,000 kg/cmS-G, more preferably from atmospheric pressure to 1 ,000 kg/cm^G, partic- 
ularly from atmospheric pressure to 50 kg/crr^-G . It is also possible to adjust the molecular we ight of a polymer produced 
in polymerization by well-known means such as the selection of temperature or pressure or the introduction of hydrogen. 

Olefins polymerized by the catalyst according to the present invention include ethylene in the present invention, 
and the olefins used for the polymerization reaction in the process of the present invention are a-otefins having 2 to 
20 carbon atoms, preferably 2 to 10 carbon atoms. The aolefins specifically include ethylene, propylene, 1- butene, 
4-methyM-pentene, 1-hexene, 1-octene s 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene : 1-octadecene, 1-ei- 
cosene, and the like, particularly ethylene, propylene, 1 - butene, 1 -hexene and 4-methyl-1 -pentene. These olefins can 
be subjected to polymerization singly or in admixture of the two or more. 

Furthermore, the catalyst according to the present invention is effective also in the copolymerization of the other 
monomers which are capable of copoiymerizing with the aforementioned a-olefins and include conjugated and non- 
conjugated dienes such as butadiene, 1 : 4-hexadiene, 1 ,5-hexadiene, 1,7-octadiene, 1 ,8-nonadiene, 7-methyl-1,6-oc- 
tadiene, and 1,9-decadiene, and cyclic olefins such as cyclopropane, cyclobutene, cyclopentene, norbornene, and 
dicyclopentadtene. 

It goes without saying that the catalyst according to the present invention comprising the Components (A) to (C) 
can be used as such for polymerization, but it is also possible to use the catalyst in the presence of an organoaluminum 
compounds an additional ingredient during polymerization in order, for example, to prevent the reaction system from 
being poisoned, if necessary. 

Specific examples of the organoaluminum compound preferably include (a) trialkylaluminum such as trimethyla- 
luminum, triethylaluminum, triisobutylaluminum, trihexyi-aluminum, trioctylaluminum, and tridecylaluminum; (b) alky- 
laluminum halides such as diethy (aluminum monochloride, diisobutylaluminum monochloride, ethytaluminum ses- 
quichloride, and ethylaluminum dichloride; (c) alkylaiuminum hydrides such as diethylaiuminum hydride, and diisobuty- 
laluminum hydride; (d) aluminum alkoxides such as diethylaiuminum ethoxide : dimethylaluminum trimethylsiloxide, 
and diethylaiuminum phenoxide; (e) alumoxanes such as methylalumoxane, ethylalumoxane, isobutylalumoxane, and 
methylisobutylalumoxane. It is also possible to use in admixture of the two or more of these organoaluminum com- 
pounds selected from a single class of (a) to (e) and/or from a plurality of classes (a) to (e). Among these organoalu- 
minum compounds, a trialkylaluminum or an aluminum alkoxide is preferred. More preferred ones are organoaluminum 
having a methyl group, an ethyl group and an isobutyl group. 

Example 1 

(1 ) Preparation of the catalyst Component (C) 

20 g of silica gel (Devison, # 948 which passes through a sieve having a mesh size of 100 urn but remains on a 
sieve having a mesh size of 10 urn and 5 g of boric acid (Wako, sp. gr.) were placed in a flask, and 80 mi of water was 
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added. The mixture was heated to 60°C and maintained at the temperature for 10 minutes in an oil bath. The temper- 
ature of the oil bath was set at 100°C and the flask was maintained under the stream of nitrogen in order to remove 
almost of water. The temperature of the oil bath was further raised up to 150°C and maintained for 2 hours to obtain 
the Component (C) 

5 

(2) Polymerization 

An 1 liter autoclave was purged with ethylene and charged with 500 ml of toluene, 30 ml of 1-hexene, followed by 
1 .0 ml of a solution of triisobutylaluminum in pentane (TOSO-AKZO; 145 mg/ml). One milliliter of the toluene slurry of 
10 the catalyst Component (C) obtained above (0.03 g/ml) was added to the mixture, and then 1.0 ml of a solution in 
toluene of dime%lsirvlene-bis(tetrahydroindenyl)zirconium dichloride (0.25 mg/ml) was added. Fifty milliliter of hydro- 
gen was added, and polymerization was carried out at an ethylene pressure of 7 Kg-G and a temperature of 70°C for 
45 minutes to give a polymer (ZrY 790,000) in an amount of 39.5 g. 

is Example 2 

(1) Preparation of the cataiyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

20 

(2) Polymerization 

An 1 liter autoclave was purged with ethylene and charged with 500 ml of toluene and 1.2 ml of a solution of 
triisobutylaluminum in pentane (TOSOAKZO; 1 45 mg/ml). Five milliliters of thetoluene slurry of the catalyst Component 
25 (C) obtained above (0.03 g/ml) was added to the mixture, and then 2.5 ml of a solution in toluene of dimethyls! lylene- 
bis(tetrahydroindenyl)zirconium dichloride (1.0 mo/ml) was added. Fifty milliliter of hydrogen was added, and polym- 
erization was carried out at an ethylene pressure of 7 Kg-G and a temperature of 70°C for 1 .5 hours to give a polymer 
(ZrY 117,900) in an amount of 118 g. 

30 Example 3 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

35 

(2) Polymerization 

Polymerization was carried out in the same manner as in Example 2 except that 30 ml of 1-hexene was added 
after the addition of 500 ml of toluene in the polymerization in Example 2 to give 191 gofapolymer (ZrY 191,000). 

40 

Example 4 

(1) Preparation of the catalyst Component (C) 

45 The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

(2) Polymerization 

An 1 liter autoclave was purged with propylene and charged with 500 ml of toluene and 2.4 ml of a solution of 
so triisobutylaluminum in pentane (TOSO-AKZO; 1 45 mg/ml). Ten milliliters of the toluene slurry of the catalyst Component 
(C) obtained above (0.03 g/ml) was added to the mixture, and then 5.0 mi of a solution in toluene of dimethy tsilylene- 
bis(tetrahydroindenyl)zirconium dichloride (1 .0 mg/ml) was added. Polymerization was carried out at a propylene pres- 
sure of 7 Kg-G and a temperature of 70°C for 1.5 hours to give 106 g of a polymer (ZrY 106,000). 

55 
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Examples 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

(2) Preliminary contact of the catalyst Components 

In a 100 ml Ertenmeyer flask was placed 1 .0 g of the catalyst Component (C) under nitrogen atmosphere. Twenty- 
five milliliters of pentane was added, and 4.86 ml of a solution of triethytaluminum (TEA) in pentane (TOSOAKZO; 71 
mo/ml) and 1 .0 ml of a solution of bis(ivbutyteyclopentadienyl)zirconium dichloride in toluene (3.0 mg/ml) were added. 

(3) Polymerization 

An 1 Piter autoclave was purged with ethylene and charged with 500 ml of toluene and 1 .0 ml of a solution of 
triisobutylaluminum In pentane (TOSOAKZO; 145 mg/ml). Five milliliters of the catalyst slurry obtained above (in Ex- 
ample 5 - (2)) was added to the solution, and then 50 ml of hydrogen was added. Polymerization was carried out at 
an ethylene pressure of 7 Kg-G and a temperature of 70°C for 1 .5 hours to give 38.4 g of a polymer (ZrY 38,400). 

Example 6 

The Procedure set forth in Example 2 was followed except for the polymerization step modified so that dimethyl- 
sirylene-bis-(tetrahydroindenyOzirconium dichloride was replaced by dimethylsityIene-bis-(2-methyl-4-phenyHndenyl) 
zirconium dichloride and the polymerization time of 1.5 hours was replaced by 20 minutes. 40 g of a polymer was 
obtained. 

Examples 7 - 9 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1) except that boric acid [8 
(OH) 3 ] was used in an amount set forth in Table 1 . 

(2) Polymerization 

Polymerization was carried out in the same manner as in Example 2 - (2) for polymerization of ethylene or as in 
Example 3 - (2) for polymerization of ethylene with haxene except that Component (A) to (C), monomers and polym- 
erization time used were those set forth in Table 1. The results obtained are shown in Table 1 . 

Example 10 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1 ) except that 20 g of silica gel 
(Devison; # 948) was replaced by 20 g of alumina (AKZO; grade H). 

(2) Polymerization 

Polymerization was carried out in the same manner as In Example 2 • (2) except that the catalyst obtained in the 
preparation of the catalyst Component (C) in Example 10 - (1) was used as the Component (C). The results obtained 
are shown in Table 1. 

Examples 11 and 12 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1 ) except that 20 g of silica gel 
(Devison; # 948) was replaced by 20 g of aluminum phosphate (Devison; which passes through a sieve having a mesh 
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size ol 100 \im but remains on a sieve having a mesh size of 10 urn ). 
(2) Polymerization 

Polymerization was carried out in the same manner as in Examples 3 - (2) and 4 - (2) except that the catalyst 
obtained in the preparation of the catalyst Component (C) in Example 11-12 was used as the Component (C). The 
results obtained are shown in Table 1. 

Example 13 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1) except that boric acid |B 
(OHJgJ was replaced by metaboric acid [B(0) 1 (OH),, J (Wako). 

(2) Polymerization 

Polymerization was carried out in the same manner as in Examples 2 - (2) except that the Component (C) obtained 
in Example 13 - (1) was used as the Component (C). The results obtained are shown in Table 1. 

Comparative Example 1 

(1) Treatment of silica gel 

Only silica gel was treated in the same manner as in Example 1 - (1) except that no boric acid [BfOHJJ was used. 

(2) Polymerization 

Polymerization was carried out in the same manner as in Examples 2 - (2) except that the Component (C) was 
replaced by the silica gel treated in the procedure ol Comparative Example 1 - (1). The results obtained are shown in 
Table 1. 

Comparative Example 2 

(1) Treatment of alumina 

Only alumina was treated in the same manner as in Example 10 - (1 ) except that no boric acid [BfOHfe) was used. 

(2) Polymerization 

Polymerization was carried out in the same manner as in Examples 2 - (2) except that the Component (C) was 
replaced by the alumina treated in the procedure of Comparative Example 2 - (1 ). The results obtained are shown in 
Table t. 

Comparative Example 3 

(1) Treatment of aluminum phosphate 

Only aluminum phosphate was treated in the same manner as in Example 11 - (1) except that no boric acid [B 
(OHy was used. 

(2) Polymerization 

Polymerization was carried out in the same manner as in Examples 2 - (2) except that the Component (C) was 
replaced by the aluminum phosphate treated in the procedure of Comparative Example 3 - (1). The results obtained 
are shown in Table 1. 
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Example 14 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

(2) Preparation of a supported catalyst 

In a flask purged thoroughly with nitrogen was placed 2.5 g of the Component (C) obtained in Example 1 - (1 ), and 
50 ml of toluene was added. Next 10.5 ml of a solution of triisobutyaiuminum in pentane (TOSOAKZO; 145 mo/ml) 
was added, and the mixture was stirred for 10 minutes. Furthermore, 3.75 ml of a solution of dimethylsifylene-bis(tetra- 
hydroindenyf)zirconium dichloride in toluene (10 mg/ml) was added dropwise with stirring. The mixture was then des- 
iccated under nitrogen stream at room temperature to prepare a supported catalyst. 

(3) Polymerization 

An 1 liter autoclave was purged with ethylene and charged with 500 ml of toluene and 1.2 ml of a solution of 
triisobutylaluminum in pentane (TOSOAKZO; 145 mg/ml). 0.21 g of the supported catalyst obtained in Example 14 - 
(2) was added to the solution, and then 50 ml of hydrogen was added. Polymerization was carried out at an ethylene 
pressure of 7 Kg-G and a temperature of 70°C for 2 hours to give 12.7 g of a polymer (ZrY 25,400). 

Example 15 

(1) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in-Exampfe 1 - (1 ). 

(2) Preparation of a supported catalyst 

In a flask purged thoroughly with nitrogen was placed 2.5 g of the Component (C) obtained in Example 1 - (1 ), and 
50 ml of toluene was added. Next, 3.75 ml of a solution of dimethy lsilytene-bis(tetrahydroindenyl)zirconium dichloride 
In toluene (10 mg/ml) was added dropwise with stirring. The mixture was then desiccated under nitrogen stream at 
room temperature to prepare a supported catalyst. 

(3) Polymerization 

Polymerization was carried out in the same manner as in Example 14 - (3) except that 0.17 g of the supported 
catalyst obtained in Example 15 - (2) was used as a supported catalyst to give 18.9 g of a polymer (ZrY 37,000). 

Comparative Example 4 

(1) Treatment of silica gel 

Silica gel was treated in the same manner as in Comparative Example 1 - (1 ). 

(2) Preparation of a supported catalyst 

A supported catalyst was prepared in the same manner as in Example 14 - (2) except that the Component (C) 
was replaced by the silica gel obtained in Comparative Example 1 - (1). 

(3) Polymerization 

Polymerization was carried out in the same manner as in Example 14 - (3) except that 0.21 g of the supported 
catalyst obtained in Comparative Example 4 - (3) was used as the supported catalyst to give 2.0 g of a polymer (ZrY 
4,000). 
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Example 16 

(1 ) Synthesis of the catalyst Component (A) 

5 Dimethylsilylenebis(2^e%l-4>benzino^ny0zirconium d'chtoride was synthesized according to the method de- 

served in EP0545304A1. 

a) Synthesis of benzindanone 

io in a reaction vessel purged with argon was weighed 36.4 g (273 mmole) of aluminum chloride, and 1 3.9 g (109 
mmole) of naphthalene and 25 g (109 mmole) of a-bromoisobutyl bromide in methylene chloride solution (264 ml) was 
slowly added dropwise at room temperature. The mixture was stirred overnight, poured into ice-water, diluted with 250 
ml of methylene chloride, and acidified with concentrated hydrochloric acid, and the organic phase was separated from 
the aqueous phase. As the organic phase was obtained in emulsion, it was filtered through celite, and the organic 
phase was washed with a saturated aqueous sodium hydrogen carbonate solution, dried over magnesium sulfate, and 
concentrated under reduced pressure to give 25.01 g of a crude product (isomeric ratio, 92 : 8). The crude product 
was purified by column chromatography (Merck; solvent, toluene) to give 12.36 g of benzindanone (58%) as a main 
product and 1 .0554 g of a minor product (5%). 

20 b) Synthesis of benzindanol 

A 12.36 g portion of benzindanone (63 mmole) was dissolved in 300 ml of THF and 150 ml of methanol, and 3.6 
g (95 mmole) of sodium borohydride was added at room temperature. After stirring the mixture for 6 hours, the reaction 
was terminated with dilute hydrochloric acid, and extracted with hexane (100 ml x 2) and ether (100 ml x 2). Two 
25 stereoisomers of benzindanol were obtained. The crude product was used for the next reaction without purification. 

c) Synthesis of benzindene 

To the crude product of benzindanol dissolved in 200 mi of toluene was added 1 .2 g (6.3 mmole) of p-toluenesulfonic 
30 acid, and the mixture was stirred at 80°C for 1 5 minutes. The reaction was terminated with a saturated aqueous sodium 
hydrogen carbonate solution. The mixture was extracted with toluene, and the organic phase was washed with a 
saturated aqueous sodium hydrogen carbonate solution and a saturated aqueous sodium chloride solution, dried over 
magnesium sulfate, and concentrated under reduced pressure. The crude product of benzindene was obtained in an 
amount of 12.6 g, which was purified by column chromatography (Merck; solvent, hexane-ethyl acetate 0-1%). The 
35 product was obtained in an amount of 9.66 g (yield 85%). 

d) Synthesis of bis(2-methyl-4,5-benzindenyl)-dimethylsilane 

In a reaction vessel purged with argon was weighed 0.41 g (2.3 mmole) of benzindene, and dissolved in 6.2 ml of 
40 toluene and 0.3 ml of THF. n-Butyl lithium (1 .4 ml, corresponding to 2.3 mmole of a 1 .65 M hexane solution) was added, 
and the mixture was stirred at 80°C for 1 hour. Next, dichlorodimethylsilane (0.14 ml, corresponding to 1 .14 mmole) 
was added at 0°C, and the mixture was further stirred at 80°C for 1 hour The reaction was terminated with water. The 
mixture was extracted with ether, and the organic phase was dried over magnesium sulfate, and concentrated/dried 
under reduced pressure to give a crude product of bis(2-methyl-4 ( 5-benzindenyl)dimethylsilane, which was purified by 
45 chromatography on a silica gel column (Merck; solvent, hexane-methylene chloride 15%). The yield was 0.1865 g 
(39%). The proudct was recrystallized from ether. The yield was 0.0496 g (10%). 

e) Synthesis of rac-dimethylsilylenebis(2-methyl-4 I 5-benzindenyl)zirconium dichtoride 

£0 0.92 g of bis(2-methyl-4,5-benzindenyl)dimethylsilane obtained by the above described method was dissolved in 
25 ml of THF and cooled to -78°C, 3.0 ml of a 1 .7 M solution of n-butyl lithium in hexane was added dropwise, and the 
temperature of the mixture was raised over a period of 3 hours. The mixture was then concentrateoVdried under reduced 
pressure, diluted with 100 ml of dichloromethane, and cooled to -78°C. Zirconium tetrachloride (0.51 mg) was then 
added slowly, and the temperature was raised up to room temperature over a period of 5 hours, and the mixture was 

55 reacted overnight at room temperature. After the reaction was completed, the solid products were removed by filtration, 
and the supernatant was concentrated under reduced pressure and washed thrice with 20 ml of toluene. Then, the 
residue was dissolved in 30 ml of dichloromethane for recrystallization to give 0.21 g of an orange solid. 'H-NMR 
revealed that the product was racKjimethylsilylenebis(2-methyl-4,54>enzindenyl)zirconium dichloride. 
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iH-NMR (300 MHz, CDCI3): 5 (ppm) 1 .36 (s s 6H), 2.37 (s, 6H) 5 7.27 - 7.97 (m, 12H). 

(2) Preparation of the catalyst Component (C) 

s The catalyst Component (C) was prepared in the same manner as in Example 1 • (1 ). 

(3) Polymerization 

A 1.5 Titer autoclave was purged with nitrogen and charged with 500 ml of totuene : and 2 ml of a solution of 
70 triisobutylaluminum (TOSOAKZO) in toluene (1 98 g/l) was further added. Next, 4 ml of the slurry of the catalyst Com- 
ponent (C) obtained above in toluene (30 g/l) was added, and 3 ml of a solution of the catalyst Component (A) in toluene 
(1.0 mmole/1) was added. The vapor phase portion in the autoclave was then purged with ethylene, and 60 ml of 
hydrogen was added. Polymerization was conducted at an ethylene pressure of 8 Kg-G and 90°C for 8 minutes to give 
264 g of a polymer Catalyst activity on Zr used, ZrY, was 97,800 gpolymer/gZr. 

15 

Example 17 

(1) Synthesis of the catalyst Component (A) 

20 Synthesis of dimethylsilylenebis[4-(1 -phenyl-3-methylindenyl)]zirconium dichloride 

a) Synthesis of ethyl a^thoxycarbonyl^romocinnamate 

To a solution of 2-bromobenzaldehyde (74.5 g, 402.6 mmole) in benzene (200 ml) was added 53.2 g of dimethyl 
25 matonate (402.6 mmole). Piperidine (2.6 ml) was added to the solution, and the mixture was heated under reflux for 
10 hours in a reaction vessel equipped with a Dien-Stark trap for removing water. After benzene was removed under 
reduced pressure, the mixture was purified by distillation to give 1 09. 1 g of ethyl a-ethoxycarbonylK)-bromo-cinnamale 
(91%). 

30 b) Synthesis of ethyl 3-(2^romophenyl)-2-ethoxycartK)nyl-34nethylpnopiC)nate 

To-a solution in 500 mi of ether of 50.98 g of ethyl a-ethoxycarb<)nyl<)-brwrio-cinnamate (170.5 mmole) and 1.0 
g of copper bromide was added dropwise 56.7 ml of an ethereal solution of methylmagnesium bromide (1 75.6 mmole) 
at -20*C. The mixture was stirred overnight at room temperature, diluted with an aqueous ammonium chloride solution 
35 to separate the phases. The organic phase was dried over magnesium sulfate and concentrated under reduced pres- 
sure to give ethyl 3-(2-brwTX)phenyl)-2-ethoxy(»rt)onyl-3-methylpropionate. 

c) Synthesis of ethyl 3-(2-bromophenyl)-3-methylpropionate 

40 To a solution of 52.96 g the crude ethyl 3-(2-brcfnophenyl)-2^thoxy<»rbonyl-3-methylpropionate (1 68. 1 3 mmole) 
in dimethylsutf oxide (250 ml) and water (3 ml) was added 1 4 g of lithium chloride, and the mixture was heated at 15CPC 
for 2.5 hours. After cooling the mixture, dimethylsutfoxide was removed under reduced pressure, and the residue was 
diluted with an aqueous sodium chloride solution and extracted with ethyl acetate. The organic phase was washed 
with an aqueous ammonium chloride solution and dried over magnesium sulfate, and the solvent was removed under 

45 reduced pressure. The residual concentrate was further purified by distillation to give 28.04 g of ethyl 3-(2-bromophe- 
nyl)-3-methylpropionate (65%). 

d) Synthesis of 3-(2^rornophenyl)-3-methylpropionic acid 

50 To a solution of 28.04 g of ethyl 3-(2-bromophenyl)-3-methy!propionate (109.1 mmole) in ethanol (200 mi) and 
water (100 ml) was added 1 2.2 g of potassium hydroxide (218.2 mmole), and the mixture was heated under reflux for 
5 hours. After the mixture was left standing at room temperature, it was concentrated to a half of the volume by distillation 
and diluted again with dilute hydrochloric acid. Oichloromethane was then added, and an aqueous ammonium chloride 
solution was added before extraction. The organic layer was dried over magnesium sulfate, and the solvent was re- 

55 moved by distillation to give 27.97 g of 3-(2-bromophenyl)-3-methy^ropionic acid (quantitatively). 
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e) Synthesis o! 4-bronx>-3-me%M-indanone 

To 10.36 g ot 3^2-bronx>pheny))-3>methyfpropiGnic acid (42.63 mmole) was added 30 ml of thionyl chloride, and 
the mixture was heated under reflux for 1.5 hours. Unreacted thionyl chloride was removed, and a small amount of 

5 carbon tetrachloride was added and also removed as well. The crude product of the acid chloride thus obtained was 
dissolved in carbon tetrachloride and added dropwise to a suspension of 7.4 g of aluminum chloride (55.42 mmole) in 
carbon tetrachloride (60 ml) at 0°C. After the solution was stirred at 0°0 for 30 minutes and at room temperature 
overnight, concentrated hydrochloric acid and dichloromethane were added for extraction. The organic layer was dried 
over magnesium sulfate, and the solvent was removed under reduced pressure. The residue was purified by chroma- 

10 tography on a silica gel column to give 7.71 g of 4-bromo-3-methyM -indanone (80%). 

f) Synthesis of dimetmylbis{4-(3-methyt-1-oxoindanyl)Js!lane 

To 6.918 g of 4-bromo-3-methy M -indanone (30.75 mmole) were added 175 mg of para-toluenesulfonic acid (3 
*5 mmole), 7.6 ml of ethyl ortho-formate (46.12 mmole) and 17.1 ml of ethylene glycol (307.5 mmole), and the mixture 
was stirred at room temperature overnight. The mixture was diluted with an aqueous sodium hydrogen carbonate 
solution, extracted with ether and washed several times with an aqueous sodium hydrogen carbonate solution. The 
ethereal layer was separated and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure to give 8.374 g of a crude ketal quantitatively. To a solution of the product in ether (100 ml) was 
20 added dropwise 20.4 ml (32.69 mmole) of a solution of n-butyl lithium in hexane at-5*C, and the mixture was stirred 
at -5°C for 2.5 hours. Oimethyldtchlorosilane (1.89 ml, 15.6 mmole) was added, and the resulting mixture was stirred 
at 0'C for 1 hour, at room temperature for 2 hours and under reflux for 1 hour, and left standing overnight. The reaction 
mixture was diluted with an aqueous ammonium chloride solution, and the organic layer separated was dried over 
magnesium sulfate and concentrated under reduced pressure. The residual concentrate was diluted with acetone and 
25 para-toluenesulfonic acid, and the mixture was stirred at room temperature for 2.5 hours. The resulting mixture was 
diluted with an aqueous sodium hydrogen carbonate solution, and the organic layer separated was dried over mag- 
nesium sulfate and concentrated under reduced pressure. The residual concentrate was purified by chromatography 
on a silica gel column to give 4.05 g of dimethyibis[4-(3-methyM -oxoindanyl)]silane (75%). 

30 g) Synthesis of dimethylbis[4-(1 -phenyt-3-methylindenyl)]silane 

To a solution of 1 .54 g of dimethylbis(4«(3-methyM oxoindanyl)]silane (4.425 mmole) in ether (90 ml) and tetrahy- 
drof uran (9 ml) was added an ethereaJ solution of phenylmagnesium bromide (7.8 ml, 1 3.28 mmole), and the mixture 
was stirred at room temperature overnight and then heated under reflux for 2 hours. The mixture was diluted with an 

35 aqueous ammonium solution, and the organic layer separated was dried over magnesium sulfate and concentrated 
under reduced pressure. To the residual concentrate were added toluene (70 ml) and p-toluenesutfonic acid (45 ml. 5 
mmole), and the mixture was stirred at 70°C for 20 minutes. The resulting mixture was diluted with an aqueous sodium 
hydrogen carbonate solution, and the organic layer separated was dried over magnesium sulfate and concentrated 
under reduced pressure. The residual concentrate was purified by chromatography on a silica gel column to give 998 

40 mg of dimethylbis{4-(1 -phenyl-3-methylindenyl)]silane (48%). 

h) Synthesis of dimethylsilylenebis[4-{1 -phenyl-3-methylindenyl)]zirconium dichloride 

All of the following procedures were conducted under nitrogen atmosphere, and the solvents having been thor- 

45 oughly dehydrated and deoxygenated were used. 

To a solution of dimethytbis(4-(1 -phenyl-3-methylindenyl)]silane (0.67 g, 1 .43 mmole) prepared as above in toluene 
(30 ml) was slowly added dropwise 1 .74 ml (2.85 mmole) of a solution of n-butyl lithium in hexane at 0 9 C, and the 
mixture was stirred at 0°C for 15 minutes, at room temperature for 4 hours, and at 45°C for 2 hours. The reaction 
mixture was concentrated, and a red solid thus obtained was dissolved in 30 ml of diethyl ether. The solution was 

so cooled to -78°C, and a zirconium tetrachloride-diethyl ether complex was slowly added to the solution. After stirring at 
-78°C for 1 hour, the temperature of the mixture was raised up to room temperature slowly over a period of 2 hours 
while the mixture was stirred continuously. The mixture was further stirred at room temperature for 15 hours. Then, 
the reaction mixture was concentrated, 40 ml of methylene chloride was added to the solid product thus obtained to 
extract the soluble portion. The extract was concentrated and recrystallized from methylene chloride-hexane to give 

55 dimethy lsilylenebis(4-(1 -phenyl-3-methylindenyl)]zirconium dichloride as a dark violet solid (yield, 55%). 
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(2) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 
5 (3) Polymerization 

A 1.5 liter autoclave was purged with nitrogen and charged with 500 ml of toluene and 2 ml of a solution of tri- 
Isobutylaluminum in toluene (TOSO-AKZO; 198 mg/ml). 4 ml of the toluene slurry of the catalyst Component (C) ob- 
tained above (30 o/l) was added to the solution, and then 3 mi of the toluene solution of the catalyst Component (A) 
to (1 .0 mmole/l) was added. The vapor phase portion of the autoclave is purged with ethylene, and 60 ml of hydrogen 
was added. Polymerization was carried out at an ethylene pressure of 8 Kg-Q and a temperature of 90°C for 40 minutes 
to give 15.0 g of a polymer (ZrY 55,600). 

Example 18 

15 

(1) Synthesis of the catalyst Component (A) 

Synthesis of dimethylsilylenebis(2-methy l-4-phenylazutenyl)zirconium dichloride 

20 a) Synthesis of dimethylbis[1 -(2-methyl-4-phenyH ,4-dihydroazu!enyl)]silane 

To a solution of 2.22 g of 2-methylazulene (15.66 mmote) in hexans (30 ml) was added portion wise a solution of 
phenyl lithium in cyclohexane-ether (15.6 ml, 15.66 mmole) at 0 B C. The mixture was stirred at room temperature for 
1 hour, then cooled to -78 a C, and diluted with 30 ml of tetrahydrofuran. Dimethyldichlorosilane (0.95 ml, 7.83 mmole) 
28 was added, and the temperature of the resulting mixture was raised up to room temperature. The mixture was further 
heated at 50 - 60*C for 1 .5 hours, diluted with an aqueous ammonium chloride solution, and the organic layer separated 
was dried over magnesium sulfate and concentrated under reduced pressure. The crude product thus obtained was 
purified by chromatography on a silica gel column to give 1 .48 g of dimethylbis{1-(2-methyl-4-phenyl-1 ,4-dihydroazu- 
lenyl)Jsilane (38%). 

30 

b) Synthesis of dimethylsilylenebis(2-methyl-4-phenylazulenyl)zirconium dichloride 

All of the following procedures were conducted under nitrogen atmosphere, and the solvents having been thor- 
oughly dehydrated and deoxygenated were used. 

35 To a solution of dimethylbis{1 -(2-methyl-4-phenyl-1 ,4-dihydroazulenyl)]silane (0.768 g, 1 .55 mmole) prepared as 
above in diethyl ether (15 ml) was added dropwise 1.98 ml of a solution of n-butyl lithium in hexane at -76°C, and the 
temperature was 6lowly raised up to room temperature for reaction for 12 hours. The reaction mixture was then con- 
centrated/dried in vacuo, washed with hexane, and concentrated/dried again. The concentrate was diluted with 20 ml 
of a mixed solvent of toluene/diethyl ether = 40/1, and zirconium tetrachloride (0.325 g, 1 .40 mmole) was added to the 

40 solution. The temperature was slowly raised up to room temperature, and the mixture was reacted for 15 hours. After 
the reaction was completed, the mixture was filtered. The residual solid was extracted with toluene, and the filtrate 
was concentrated. The concentrate was diluted with hexane and subjected to reprecipitation and recrystallization to 
give a racemic isomer of dim ethy teiry lene bis(2-m©thy l-4-pheny lazuleny l)zi rcon turn dichloride as a brownish yellow solid 
product. 

4$ 

(2) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as \n Example 1 - (1 ). 
so (3) Polymerization 

A 1.5 titer autoclave was purged with nitrogen and charged with 500 ml of toluene and 2 ml of a solution of tri- 
isobutyialumtnum in toluene (TOSO-AKZO; 198 mg/ml). 4 ml of the toluene slurry of the catalyst Component (C) ob- 
tained above (30 g/I) was added to the solution and then 3 ml ol the toluene solution of the catalyst Component (A) 
55 (1.0 mmole/!) was added. The vapor phase portion in the autoclave was then purged with ethylene, and 60 ml of 
hydrogen was added. Polymerization was carried out at an ethylene pressure of 8 Kg-G and a temperature of 90°C 
for 20 minutes to give 17.9 g of a polymer (ZrY 66300). 
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Example 19 

(1) Synthesis of the catalyst Component (A) 
5 Synthesis of bis(2,3 s 4,5-tetramethytphosphoryl)zinconium dichloride 

a) Synthesis of 1-phenyK2,3,4,5-tetramethytphosphor 

Under nitrogen atmosphere. 13.6 g of aluminum chloride was suspended in 150 ml of dichloromethane. Dichlo- 
10 romethane (1 50 ml) containing 2-btrtyne (1 5 ml) was added to be suspension dropwise in an ice bath over a period of 
20 mhutes, and the mixture was stirred directly for 30 minutes. The reaction was further continued at room temperature 
for 30 minutes to give a dark red solution. The mixture was cooled to -60°C, and dichloromethane (150 ml) containing 
dichiorophenylphosphine (19.9 g) was added dropwise. The temperature of the resulting mixture was raised up to room 
temperature with stirring to give a dark red solution. 
1$ To the solution was added dropwise tri-n-butylphosphine (35 ml) dissolved in dichloromethane (150 ml) at a tem- 
perature of -30°C over a period of 1 0 minutes. The solution turned pale yellow. The solvent was removed under reduced 
pressure to give a viscous yellowish brown solid. 

The product was extracted with 700 ml of hexane, and the extract was washed with 200 mi of an aqueous sodium 
hydrogen carbonate solution (5% by weight) and 400 ml of pure water. Anhydrous magnesium sulfate (30 g) was added 
20 as a desiccating agent, and the mixture was left standing overnight. 

Anhydrous magnesium sulfate was removed by filtration, and the hexane solution was concentrated/dried to give 
1-phenyl-2.3,4,5-tetramethylphosphor as a pale yellow oil (yield, 80%). 

b) Synthesis of bisfa^^.S-tetramethylphosphorylJzirconium dichloride 

25 

Under argon atmosphere, 2.89 g of 1-phenyl-2,3,4.5-tetramethylphosphor (1 3.4 mmole) was dissolved in dry tet- 
rahydrofuran (50 ml). To the solution was added 0.37 g of granular metal lithium, and the solution turned dark red. The 
mixture was subjected reaction with stirring for 3 hours. 

After the reaction, the dark red solution portion was separated from the lithium reaction residue, and, to deactivate 
30 the catalyst, 0.60 g of anhydrous aluminum chloride (4.50 mmole) was added to the solution over a period of 1 0 minutes 
in an ice bath. The mixture was further reacted for 3 hours to form a product called solution A. 

Under a nitrogen gas atmosphere, 1.48 g of zirconium tetrachloride (6.35 mmole) was suspended in 15 ml of 
toluene and placed in an ice bath. The solution A was added dropwise to the solution over a period of 15 minutes, and 
the reaction was further continued for 30 minutes. After the temperature was raised up to room temperature, the mixture 
35 was concentrated under reduced pressure to dryness. 

The dry product was extracted with 1 30 ml of dry diethyl ether and concentrated to dryness, and the same procedure 
was followed with 60 ml of dry n-heptane to give 1.24 g of bis(2 J 3,4,5-tetramethylphosphoryl)zirconium dichloride in 
orange as the desired product (44%). 

<o (2) Preparation of the catalyst Component (C) 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

(3) Polymerization 

45 

A 1.5 liter autoclave was purged with nitrogen and charged with 500 ml of toluene and 2 ml of a solution of tri- 
isobutylaluminum in toluene (TOSO-AKZO; 198 mg/ml). 4 ml of the toluene slurry of the catalyst Component (C) ob- 
tained above (30 p/l) was added to the solution, and then 2 ml of the toluene solution of the catalyst Component (A) 
(1.0 mmole/!) was added. The vapor phase portion in the autoclave was then purged with ethylene, and 60 ml of 
so hydrogen was added. Polymerization was carried out at an ethylene pressure of 8 Kg-G and a temperature of 90°C 
for 45 minutes to give 21.2 g of a polymer (ZrY 117,800). 



55 
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Example 20 

(1) Synthesis of the catalyst Component (A) 
5 Synthesis of dime1hytsilylenebis{4-(1 -indoty0-2-m8thylindenyl)zirconium bichloride 

a) Synthesis of diethyl 2-{2-bromoben2yl)-2-methylmalonate 

In a reaction vessel purged with nitrogen was weighed 14.0 g of sodium hydroxide (349 mmoie), and suspended 
10 in 200 ml of toluene, to which 100 ml of a toluene solution of diethyl ethylmalonate (60.0 ml. 320 mmoie) was added 
dropwise in an ice bath. After the addition was completed and the mixture was stirred at room temperature for 3 hours, 
100 ml of a toluene solution of 2-bromobenzyl bromide (80.0 g, 320 mmoie) was added dropwise, and the mixture was 
stirred overnight The reaction was terminated by pouring the reaction mixture to dilute hydrochloric acid, and the 
organic layer was washed with water, dried and concentrated to give 120 g of diethyl 2-(2-bromoben2yl)-2-methyl- 
1 s maJonate as a yelbw oil (yield, 1 00%). 

b) Synthesis of ethyl 3-(24)romophenyl)-2Hnethylpropionate 

To a solution of diethyl 2-(2^romobertzy0-2-methylmalonate (108 g, 310 mmoie) in dimethylsutfoxide (350 ml) 
20 were added 26.4 g of lithium chloride (620 mmoie) and 5.6 ml of water (31 0 mmoie). After stirring at 1 80 P C for 8 hours, 
the product was extracted with n-hexane and concentrated to give 84.1 g of ethyl 3-(2-bromophenyl)-2-methylpropi- 
onate as a yellow oil (yield, 100%). 

c) Synthesis of 3-(2-bromophenyl)-2-methylpropionic acid 

25 

65.5 g of ethyl 3-(2-bromophenyl)-2-methy [propionate (243 mmoie) and 20.5 g of potassium hydroxide (364 mmoie) 
were dissolved in 250 ml of ethanol and heated under reflux for 6 hours, and 500 ml of water was added. After 50 ml 
of concentrated hydrochloric acid was added, and the product was then extracted with toluene, dried and concentrated 
to give 37.8 g of 3-(2^romophenyl)-2-methylpropionic acid as a yellow oil (yield, 89%). 

30 

d) Synthesis of 4-bromo-2-methylindan-1one 

To 52.5 g of 3-(2-bromophenyl)-2-methylpropionic acid (21 5 mmoie) were added 21 0 g of polyphosphoric acid and 
250 ml of o-dichlorobenzene, and the mixture was stirred at 140*C for 6 hours. The mixture was diluted with 300 ml 
35 of water, and the product was extracted with n-hexane and ether, dried and concentrated, and the residual concentrate 
thus obtained was distilled to give 27.3 g of 4-bromo-2-methylindan-1-one as a colorless oil (yield, 56%). 

e) Synthesis of 4-(1-indoIyl)-2-methylindanon-1-one 

40 in a reaction vessel were weighed 21.5 g of 4-bromo-2-methylindan-1 -one (95.4 mmoie), 11.4 g of indol (97.1 
mmoie), 13.4 g of anhydrous potassium carbonate and 0.49 g of copper (II) oxide, and the mixture was dissolved in 
19 ml of N.N-dimethylformamide. After heating under reflux for 5 days, the reaction mixture was dissolved in ether and 
water and filtered through celite. The organic layer obtained was separated, washed with water, dried, concentrated, 
and purified by chromatography on a column (basic gel manufactured by FUJI SI LIS I A, ethyl acetateM-hexane) to give 

45 4.23 g of 4-(1-indoIyl)-2-methylindanon-1-one as a black oil (yield, 17%). 

f) Synthesis of 4^1-indolyl)-2-methylindanon-1-ol 

To a solution of 4.23 g of 4-{1 -indolyl)-2-methylindanon-l -one (16.2 mmoie) in 80 ml of tetrahydrofuran was added 
so 1.08 g of sodium borohydride (28.5 mmoie), and the mixture was further diluted slowly with 40 ml of methanol and 
stirred at room temperature overnight. The reaction was terminated with a saturated aqueous ammonium chloride 
solution, and the product was extracted with n-hexane and ether, dried, concentrated, and purified by chromatography 
on a column (basic gel manufactured by FUJI SILISIA, ethyl acetate/n-hexane) to give 2.74 g of a mixture of the two 
diastereoisomers of 4-(1-indolyl)-2-methylindan-1-ol as an oil (yield, 64%). 

55 

g) Synthesis of 7-(1 -indol)-2-methylindene 

To a solution of 2.74 g of 4-(1-tndolyl)-2-methylindan-1 -ol (10.4 mmoie) in 50 ml of toluene was added 0.24 g of 



23 



EP0728 773A1 



p-toluenesutfonic acid, and the mixture was stirred at 70°C for 1 hour. The reaction was terminated with a saturated 
aqueous sodium hydrogen carbonate solution, and the mixture was then extracted with ether, dried, concentrated and 
purified by column chromatography (basic gel manufactured by FUJI SIUSIA, n-hexane) to give 1 .68 g of 7-(l-indol)- 
2-methytindene as a yellow oil (yield, 66%). 

5 

h) Synthesis ol bis[7-(1-indoryl)-2-methylindenyl]dimethylsiIane 

Under nitrogen atmosphere, 1.64 g of 7-{1-indol>2-rriethytindene (6.69 mmole) was dissolved in 34 ml of dry 
toluene and 1.7 ml of dry tetrahydrofuran, and 4.0 ml of a 1.68 M solution of n-butyl lithium in n-hexane (6.7 mmole) 

io was added drop wise. The resulting mixture was heated at 80°C for 30 minutes, followed by addition at 0 °C to the 
mixture of 0.36 ml of dichtorodimethylsilane (3.0 mmole) and then by agitation at 80 °C for 2 hours, the reaction was 
then stopped by adding 50 ml of a saturated aqueous sodium hydrogen carbonate solution, and the product was 
extracted with ether. The extract was dried s concentrated and purified by column chromatography (silica gel, toluene/ 
n-hexane) and then by column chromatography (silica gel, totuene/h-hexane) to give 0.86 g of bis[7-(1 -indolyl)-2-meth- 

15 ylindenyljdimethylsilane as a brown oil (yield, 24%). 

i) Synthesis of dimethytsiryienebis[4-{lHrK^ dichloride 

Under nitrogen atmosphere, 0.82 g of bis[7-(1 -indolyi)-2-methyiindenyl]dimethylsilane (1 .5 mmole) was dissolved 
20 in a mixed solvent of 1 2 ml of dry toluene and 0.6 ml of dry tetrahydrofuran, and 1.8 ml of a 1.71 M solution of n-butyl 
lithium in hexane (3.1 mmole) was added. After heating under reflux for 4 hours, the solvent was removed under 
reduced pressure to give a red solid. The product was diluted with 9 ml of toluene and 0.5 mi of ether, and 0.35 g of 
zirconium tetrachloride (1 .5 mmole) was added at -45°C. The temperature was raised up to room temperature over a 
period of ail night, and the solvent was removed under reduced pressure. To the residual concentrate was added dry 
25 methylene chloride, and the resulting suspension was filtered. The precipitates were washed with dry n-hexane, and 
dried under reduced pressure to give 0.21 g of dimemylsilylenebis[4-(1-^dolyl)-2HTwthylindenyl]zirconium dichloride 
as a yellow solid. 

(2) Preparation of the catalyst Component (C) 

30 

The catalyst Component (C) was prepared in the same manner as in Example 1 - (1). 

(3) Polymerization 

35 A 1.5 liter autoclave was purged with nitrogen and charged with 500 ml of toluene and 2 ml of a solution of tri- 
isobutytatuminum in toluene (TOSO-AKZO; 198 mg/ml). 4 ml of the toluene slurry of the catalyst Component (C) ob- 
tained above (30 g/l) was added to the solution, and then 3 ml ol the toluene solution of the catalyst Component (A) 
(1.0 mmole/i) was added. The vapor phase portion in the autoclave was then purged with ethylene : and 60 ml of 
hydrogen was added. Polymerization was carried out at a ethylene pressure of 8 Kg-G and a temperature of 90 & C for 

40 50 minutes to give 3.7 g of a polymer (ZrY 20,600). 

Example 21 

(1) Synthesis of the catalyst Component (A) 

45 

The catalyst Component (A) was prepared in the same manner as in Example 16 - (1 ). 

(2) Preparation of the catalyst Component (C) 

so The catalyst Component (C) was prepared in the same manner as in Example 1 - (1 ). 

(3) Polymerization 

A 1.5 liter autoclave was purged with nitrogen and charged with 500 ml of toluene and 2 ml of a solution of tri- 
55 isobutylaluminum in toluene (TOSO-AKZO; 198 mg/ml). 4 ml of the toluene slurry of the catalyst Component (C) ob- 
tained above (30 g/Q was added to the solution, and then 3 ml ol the toluene solution of the catalyst Component (A) 
(1.0 mmole/l) was added. The vapor phase portion in the autoclave was then purged with propylene, and 90 ml of 
hydrogen was added. Polymerization was carried out at a propylene pressure of 6 Kg-G and a temperature of 70°C 
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for 60 minutes to give 13.1 g of a polymer (ZrY 72,800). 

The polymerization results obtained in Examples 16 - 21 are set forth in Table 2. 

Example 22 

The procedure set forth in Example 20 was followed except for the polymerization step modified so that the catalyst 
Component (A) was replaced by dimethylsilytenetfetrannethyty^ dichloride and 

the polymerization time of 50 minutes was replaced by 60 minutes. 8.0 g of a polymer was obtained (TiY 64,000). 
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Claimt 



1 . A catalyst tor olefin polymerization comprising: 



Component (A) which is a transition metal compound having at least one conjugated five-membered ring 
ligand, the transition metal being in the Groups IV - VI of the Periodic Table s 
Component (B) which is an organoaluminum compound: and 

Component (C) which is a finery divided particle composition comprising 0. 1 - 99.9% by weight of boric acid. 

2. The catalyst for olefin polymerization according to claim 1, wherein the Component (A) is represented by the 
formulae [I], [II], [III] or [IV]: 



m mm 

X « 

[III] I«vj 

wherein Me represents a metal atom selected from the Groups IV - VI of the Periodic Table, A and A\ which may 
be the same or different within the same compound, represent a conjugated five-membered ring ligand, Q repre- 
sents a bonding moiety which crosslinks the two conjugated five-membered ring ligands at any optional positions, 
Z represents a ligand containing nitrogen, oxygen, silicon, phosphorus or sulfur atom which is bonded to Me, Q 1 
represents a bonding moiety which crosslinks the conjugated five-membered ring ligand at its any position with 
the moiety Z, and X and Y represent a hydrogen atom, a halogen atom, a hydrocarbyl group, an alkoxy group, an 
amino group : a phosphorus-containing hydrocarbon group or a silicon-containing hydrocarbon group, respectively. 



3. The catalyst tor olefin polymerization according to claim 2, wherein the compound represented by the formulae 
[II [It], [III] or [IV] is such that 

A and A' are, respectively, cyclopentadienyl, n-butylcyclopentadienyl, indenyl, 2-methyl-indenyl, 2-methyl- 

4-phenylindenyl, tetrahydroindenyl, 2-methyltetrahydroindenyl, 2-methylbenzindenyl, 1-phenyl-3-methylinde- 

nyl, 2-methyl-4-phenylazulenyl ( 2,3,4,5-tetramethylphosphoryl or 1-indolyl-2-methylindenyl; 

Q and Q* are, respectively, ethylene, dimelhylsilylene or isopropylidene; 

Z is t-butylamido, phenylamido or cyclohexylamido; 

Me is a transition metal in the Group IV; 

X, Y= chlorine, methyl, diethylamino. 

4. The catalyst for olefin polymerization according to any one of claims 2 and 3, wherein the Component (A) is the 
compound represented by the formulae (I), (II) or (IV). 

5. The catalyst for olefin polymerization according to any one of claims 1 to 4, wherein the Component (B) is the 
organoaluminum compound represented by the formula [V]: 

R 3 AI [V] 

wherein R represents hydrogen, halogen, a siloxy group, a siloxy group crosslinked with an alkytene having 1 to 
6 carbon atoms, or a hydrocarbyl group having 1 to 10 carbon atoms, and may be the same or different when a 
plurality of Rs are present, provided that at Iea6t one of the three Rs represents a hydrocarbyl group having 1 to 
10 carbon atoms. 



6. The catalyst for olefin polymerization according to claim 5, wherein the compound represented by the formula [V] 
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is such that at least one of the substituent R is methyl, ethyl or isobutyi. 

7. The catalyst for olefin polymerization according to any one of cteims 5 and 6, wherein the compound of the formula 

[V] is selected from the group consisting of trimethytaluminum, triethylaluminum, trfisobutylaluminum, and a mixture 
thereof. 

8. The catalyst for olefin polymerization according to any one of claims 1 to 7, wherein the Component (C) is a finely 
divided particle composition comprising (i) 0. 1 to 99.9% by weight of boric acid represented by the following formula 

[VI] and-(ii) 99.9 to 0.1% by weight of finely divided particle materials selected from the following groups (a) - (g): 

WOH)^ [VI] 

wherein n and m are such that, under the conditions of O < m - n ^ 3, 0 ^ n < 1.5, and n < m ^ 3, m is 3 when n 
is0;mis2<m<3whennis0<n< 1; m is 2 whenn is 1, andm is 1.5 < m < 2 when n is 1 <n<1.5. 

(a) a-olefin polymers, selected from polyethylene, polypropylene, polybutene-1 , an ethylene-propylene co- 
polymer, an ethylene-butene-1 copolymer, an ethylene-hexene-1 copolymer, a propylene-butene-1 copolymer, a 
propylene-hexene-1 copolymer, and a propylene-divinylbenzene copolymer; (b)aromattc unsaturated hydrocarbon 
polymers selected from the group consisting of polystyrene, a styrene-divinylbenzene copolymer, a styrene-buta- 
diene copolymer, and a styreneisoprene copolymer: (c) polymers containing a polar moiety selected from the group 
consisting of a poly(meth)acrylate ester, polyacrylonitriie, polyvinyl chloride, polyamide : polyphenylene ether, pol- 
yethylene terephthalate, and polycarbonate; and those which are known as an ion-exchange resin: (d) inorganic 
oxides selected from the group consisting of SiO^, A^O^ AlP0 4 , MgO, ZrO^TiOg, BgOa, CaO, ZnO, BaO, ThO, 
Si0 2 -MgO. SKVAI2Q3, SiOg-TiOg, Sidg-V^, SE^-CrgC^, and SiC^-TiOg-MgO; (e) inorganic halides selected 
from the group consisting of MgC^ AICI 3 and MnC^; (f) inorganic carbonates, sulfates or nitrates selected from 
the group consisting of Na^CC^, KgCC^ CaCO^ MgCOg, AlgtSO^ BaSO* KNO^ and MgfNO^; and (g) inor- 
ganic hydroxides selected from the group consisting of Mg(OH) 2 , AI(OH)3, and CatOHfe. 

9. The catalyst for olefin polymerization according to claim 8, wherein the Component (C) substantially passes through 
a sieve having a mesh size of 3,000 um but does not substantially pass through a sieve having a mesh size of 1 urn. 

10. The catalyst for olefin polymerization according to claims 8 or 9, wherein the Component (C) substantially passes 
through a sieve having a mesh size of 1,000 urn but does not substantially pass through a sieve having a mesh 
size of 10 pm. 

1 1 . The catalyst for olefin polymerization according toany one of claims 8 to 1 0, wherein the Component (C) is prepared 
by contacting the ingredients (i) and (ii) in a solvent in which either one of the ingredients is soluble or suspended: 
and the solvent is then removed. 

12. The catalyst for olefin polymerization according to any one of claims 8 to 11, wherein the ingredient (ii) is an 
inorganic oxide. 

13. A process for preparing an olefin polymer which comprises contacting an olefin with the catalyst for olefin polym- 
erization according to any one of claims 1 to 12. 
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